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(57) ABSTRACT 

The invention provides methods of preparing autologous 
T-lymphocytes for re-introduction into a patient having 
cancer, Which method comprises obtaining peripheral blood 
mononuclear cells (PBMCs) from a patient immunized With 
an antigen of the cancer, stimulating the PBMCs With the 
antigen of the cancer in vitro, transducing the PBMCs With 
a retroviral vector, Which (a) comprises and expresses a 
human interleukin-2 (IL-2) coding sequence operably linked 
to a retroviral promoter, (b) does not comprise an exog 
enously introduced gene that enables phenotypic selection, 
and (c) comprises a viral envelope that e?iciently transduces 
CD8+ T-lymphocytes; compositions comprising cells 
obtained in accordance With such methods; and methods of 
treating a patient having cancer by administering to the 
patient cells obtained in accordance With such methods or 
compositions comprising same. 

13 Claims, No Drawings 
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METHODS OF PREPARING LYMPHOCYTES 
THAT EXPRESS INTERLEUKIN-2 AND 
THEIR USE IN THE TREATMENT OF 

CANCER 

Incorporated by reference in its entirety herein is a com 
puter-readable nucleotide/amino acid sequence listing sub 
mitted concurrently herewith and identi?ed as follows: One 
5,000 Byte ASCII (Text) ?le named 
“234872sequence.2.TXT,” created on Aug. 20, 2007. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to methods of preparing 
autologous T-lymphocytes and tumor-in?ltrating lympho 
cytes that express interleukin-2 (IL-2) and related compo 
sitions and methods of use in the treatment of cancer. 

BACKGROUND OF THE INVENTION 

One major obstacle limiting the ef?cacy of adoptive T-cell 
transfer (adoptive immunotherapy) in the treatment of can 
cer patients is the short-term survival of the transferred cells. 
In-vitro-activated T-cells undergo apoptosis upon transfer in 
vivo. Accordingly, there remains a need for improved T-cells 
for adoptive immunotherapy. It is an object of the present 
invention to provide such T-cells. This and other objects and 
advantages of the present invention, as Well as additional 
inventive features, Will be apparent from the detailed 
description provided herein. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides a method of preparing 
autologous T-lymphocytes for re-introduction into a patient 
having cancer. The method comprises: 

(i) obtaining peripheral blood mononuclear cells (PB 
MCs) from a patient immunized With an antigen of the 
cancer, 

(ii) stimulating the PBMCs With the antigen of the cancer 
in vitro, and 

(iii) transducing the PBMCs With a retroviral vector, 
Which (a) comprises and expresses a human IL-2 
coding sequence operably linked to a retroviral pro 
moter, (b) does not comprise an exogenously intro 
duced gene that enables phenotypic selection, and (c) 
comprises a viral envelope that ef?ciently transduces 
CD8+ T-lymphocytes, Whereupon autologous T-lym 
phocytes are prepared for re-introduction into a patient 
having cancer. 

A composition comprising T lymphocytes obtained in 
accordance With the above method is also provided. Sev 
enty-?ve percent or more of the T-lymphocytes in the 
composition are CD8+, and the cells do not contain an 
exogenously introduced gene that enables phenotypic selec 
tion. 

In vieW of the foregoing, the present invention provides a 
method of treating a patient having cancer. The method 
comprises administering to the patient autologous T-lym 
phocytes, Which have been prepared in accordance With the 
above method, alone or in further combination With human 
IL-2 receptor ot-chain, in amount(s) suf?cient to treat the 
patient for cancer. 

The present invention further provides a method of pre 
paring autologous tumor-in?ltrating lymphocytes (TILs) for 
re-introduction into a patient having cancer. The method 
comprises: 
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2 
(i) obtaining TILs from a patient, Who has been optionally 
immunized With an antigen of the cancer, 

(ii) transducing the TILs, Which have been optionally 
stimulated With the antigen of the cancer in vitro, With 
a retroviral vector, Which (a) comprises and expresses 
a human IL-2 coding sequence operably linked to a 
retroviral promoter, (b) does not contain an exog 
enously introduced gene that enables phenotypic selec 
tion, and (c) comprises a viral envelope that ef?ciently 
transduces CD8+ TILs, Whereupon autologous TILs 
are prepared for re-introduction into a patient having 
cancer. 

A composition comprising TILs obtained in accordance 
With the above method is also provided. Seventy-?ve per 
cent or more of the TILs are CD8+, and the cells do not 
contain an exogenously introduced gene that enables phe 
notypic selection. 

In vieW of the foregoing, the present invention provides 
another method of treating a patient having cancer. The 
method comprises administering to the patient autologous 
TILs, Which have been prepared in accordance With the 
above method, alone or in further combination With human 
IL-2 receptor ot-chain, in amount(s) suf?cient to treat the 
patient for cancer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is predicated on the discovery that 
anti-tumor T-lymphocytes can be genetically modi?ed to 
make their proliferation IL-2-independent Without malig 
nant transformation and/or immortalization. In addition, by 
making the groWth of the T-lymphocytes dependent on 
stimulation and by enabling the T-lymphocytes to self 
select, the T-lymphocytes are particularly valuable in the 
adoptive immunotherapeutic treatment of cancer patients. 
The present invention provides a method of preparing 

autologous T-lymphocytes or autologous TILs for re-intro 
duction into a patient having cancer. The method comprises 
obtaining autologous T-lymphocytes or TILs from the 
patient. While any suitable source of T-lymphocytes can be 
used, PBMCs are a preferred source. Suitable sources of 
T-lymphocytes, such as PBMCs, and TILs can be isolated 
from the patient in accordance With methods knoWn in the 
art. 

Desirably, the patient, from Whom the T-lymphocytes are 
obtained, has been immunized With an antigen of the cancer 
in accordance With methods knoWn in the art (see, e.g., 
Rosenberg et at., Nat. Med. 4:321-327 (1998)). If TILs are 
obtained from the patient, the prior immunization of the 
patient With an antigen of the cancer is optional. Preferably, 
the antigen of the cancer is one that induces a strong immune 
response against the cancer in the patient. For example, if the 
cancer is melanoma, preferably the patient is immunized 
With gp100, more preferably amino acids 209-217 of gp100, 
and most preferably amino acids 209-217 of gp100 With a 
methionine substitution at position 210, referred to herein as 
the 209-2M peptide (SEQ ID NO: 5). Her-2/Neu is a 
preferred antigen for immunization of a patient to be treated 
for breast cancer. If the patient has prostate cancer, prefer 
ably the patient is immunized With prostate-speci?c antigen 
(PSA). A patient With colon cancer is preferably immunized 
With carcinoembryonic antigen (CEA). These antigens are 
exemplary and are not intended to be limiting. 
Once a source of autologous T-lymphocytes has been 

obtained, the cells, such as PBMCs, are stimulated With the 
antigen of the cancer in vitro. If autologous TILs have been 
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obtained, the in vitro stimulation of the TlLs With the antigen 
of cancer is optional. The cells can be stimulated in vitro 
With the antigen of the cancer to be treated by any suitable 
manner. A preferred manner is exempli?ed in the Examples 
set forth herein. Desirably, the antigen used to stimulate the 
cells in vitro is the same antigen used to immuniZe the 
patient. “Stimulate,” “stimulated,” and “stimulation” are all 
used to refer to the phenomenon of the T-cell receptor 
complex binding to a stimulus, such as a speci?c stimulus, 
e.g., a cancer antigen, or a non-speci?c stimulus, e.g., an 
anti-CD3 antibody (OKT3, for example, Which is available 
from Orthoclone, Ortho-biotech, Raritan, N.J.) or phytohe 
magglutinin (PHA), Which results in cellular proliferation 
and the manifestation of anti-tumor activity. 

After the cells, such as PBMCs, have been stimulated in 
vitro With the antigen of the cancer to be treated, the cells are 
transduced With a retroviral vector, Which comprises and 
expresses a human IL-2 coding sequence operably linked to 
a retroviral promoter, i.e., the retroviral 5' long terminal 
repeat (LTR) promoter, and Which comprises a viral enve 
lope that e?iciently transduces CD8+ T-lymphocytes. The 
coding sequence of a human IL-2 is available (see, e.g., Liu 
et al., J. Immunol. 167: 6356-6365 (2001)). The operable 
linkage of a coding sequence, such as that Which encodes 
human IL-2, and a retroviral promoter is Within the ordinary 
skill in the art. See, e.g., Sambrook and Russell, Molecular 
Cloning, 3rd Ed., SCHL Press (2001). If it is desired to 
increase the expression of IL-2, the retroviral promoter can 
be replaced With a stronger promoter, such as the cytome 
galoviral (CMV) promoter, such as in the context of a 
CMMP retroviral construct (Klein et al., J. Exp. Med. 191: 
1699-1709 (2000)). 
The retroviral vector must comprise a viral envelope that 

ef?ciently transduces CD8+ T-lymphocytes. A preferred 
viral envelope is that of gibbon ape leukemia virus (GALV), 
Which can be provided by the packaging cell line PG13. 
Alternatively, the retroviral vector can be packaged in the 
cell line PA317. 

Transduction of cells With retroviral vectors is Within the 
skill in the art. See, e.g., Sambrook (2001), supra. The 
culture of PBMCs, TlLs and transduced PBMCs and TlLs is 
also Within the skill in the art. See, e.g., the Examples herein. 
Although lL-2-independent for their groWth, lL-2-trans 
duced PBMC self-regulate their groWth by doWn-regulation 
of the expression of the transduced lL-2 gene. lL-2-trans 
duced CD8+ TlLs can secrete lL-2 upon tumor antigen 
stimulation, can proliferate in the absence of exogenous lL-2 
after the destruction of autologous tumor cells, Without the 
help of CD4+ cells, and can self-select for their groWth in the 
absence of added lL-2. 

If desired, the retroviral vector can further comprise and 
express a human IL-2 receptor ot-chain (otherWise referred 
to as CD25 or Tac) coding sequence. The coding sequence 
of a human IL-2 receptor ot-chain is available (see, e.g., 
Waldmann, J. of Biol. Chem. 266: 2681-2684 (1991)). The 
coding sequence of a human IL-2 receptor ot-chain can be 
operably linked to a retroviral promoter as described above. 
Alternatively, a separate vector comprising and expressing a 
human IL-2 receptor ot-chain coding sequence can be intro 
duced into the cell. While any suitable vector can be used 
and any suitable vector can be operably linked to the IL-2 
receptor ot-chain coding sequence as appropriate for the 
vector of choice, desirably the vector does not adversely 
affect the efficient transduction of CD8+ T-lymphocytes With 
the retroviral vector comprising and expressing a human 
IL-2 and does not adversely effect the expression of IL-2 
therein. If a separate vector is used to express a human IL-2 
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4 
receptor ot-chain, preferably the vector is a retroviral vector, 
such as GALV, and the IL-2 receptor ot-chain coding 
sequence is operably linked to a retroviral promoter. 

In view of the foregoing, the present invention further 
provides a composition comprising T-lymphocytes or TlLs 
obtained in accordance With the above methods. Desirably, 
75% or more of the T-lymphocytes or TlLs are CD8+, the 
cells do not contain an exogenously introduced gene that 
enables phenotypic selection, and the composition is suit 
able for re-introduction into the patient from Whom the 
T-lymphocytes Were obtained. As such, the composition can 
contain various other components as knoWn in the pharma 
ceutical arts. See, e.g., Reminglon’s Pharmaceutical Sci 
ences, 17th ed., (Mack Publishing Company, Philadelphia, 
Pa.: 1985). 

Also in vieW of the foregoing, the present invention 
provides a method of treating a patient having cancer. The 
method comprises administering to the patient autologous 
T-lymphocytes or TlLs, Which have been prepared in accor 
dance With the above methods. The autologous T-lympho 
cytes or TlLs can be administered by any suitable route as 
knoWn in the art. The T-lymphocytes or TlLs preferably are 
administered intravenously, although the T-lymphocytes or 
TlLs can be administered intra-arterially. Preferably, 3><10ll 
autologous T-lymphocytes or TlLs are administered as a 
single dose. If necessary, a second dose can be administered 
after about 6-8 Weeks. 
The method can further comprise the administration of 

human IL-2 receptor ot-chain, Whether encoded in the vector 
encoding human IL-2, or encoded in a separate vector for 
introduction into the T-lymphocytes or TlLs. When the cells 
are no longer stimulated by cancer antigen, such as When 
there no longer are any cancer cells present, the IL-2 
transduced T-lymphocytes or TlLs stop groWing and even 
tually ere eliminated. 

EXAMPLES 

The folloWing examples are intended to illustrate the 
present invention and are not intended to limit its scope in 
any Way. 
The folloW materials Were used in the examples: 

Ca++— Mg++—, Phenol red-free Hanks’ balanced salt solu 
tion (HBSS) (BioWhittaker) 

RPMI 1640 With L-Glutamine (BioWhittaker) 
HEPES, 1 M, pH 7.0, stock (BioWhittaker) 
2-Mercaptoethanol, 5.5><10_2 M in D-PBS, stock (Gibco 
BRL) 

Penicillin G sodium (10,000 units/ml), streptomycin (10,000 
mg/ml) stock 

(BioWhittaker). Omit if patient is allergic to Penicillin. 
Gentamycin (50 mg/ml) stock (BioFluids). Omit if patient is 

allergic to Gentamycin. 
Cipro?oxacin (Cipro 1% solution, Bayer). Omit if patient is 

allergic to Cipro?oxacin. 
FungiZone (250 mcg/ml stock; Bio?uids). Omit if patient is 

allergic to FungiZone. 
Aim V serum free lymphocyte groWth medium (Gibco) 
0.9% sodium chloride, USP (Baxter) 
Human Serum, type AB (Valley Biomedical) 
Human PBMCs 
Human albumin (Plasbumin-25, Bayer)) 
Recombinant human IL-2 (106 CU/ml) (Cetus Oncology 

Div, Chiron*) 
OKT3 (Ortho-anti-CD3) (Orthoclone) 
g209-2M peptide 1.0 mg/ml stock (Multiple Peptide Sys 

tems) 
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Lymphocyte separation medium (LSM) (ICN) 
96-Well tissue culture plates, ?at-bottom and U-bottom 

(Costar) 
Tissue culture ?asks, vented cap, 25 and 175 cm2 (Costar 

Corp) 
Centrifuge tubes, 15, 50 and 250 ml (Corning) 
Sampling site coupler (Baxter/FenWal, Deer?eld, Ill.) 
Solution transfer set (Baxter/FenWal) 
Lifecell adapter set (Baxter/FenWal) 
lnterconnecting jumper tube, 8" (Gibco) 
Solution transfer pump (Baxter/FenWal) 
Culture bags, PL732 1 liter (Baxter/FenWal) 
Culture bags, PL732 3 liter (Baxter/FenWal) 
SBlL-2 retroviral vector (National. Gene Vector Labora 

tory). 
QuickExtractTM DNA extraction solution 1.0 (Epicentre) 
First strand cDNA Synthesis Kit (Amersham pharmacia 

biotech) 
STRATAGENE Absolutely RNATM RT-PCR Miniprep Kit 
(STRATAGENE) 

*Note: 50 Cetus units (CU):300 lntemational units (1U) 

Example 1 

This example describes the construction of a retroviral 
vector comprising and expressing a human IL-2 coding 
sequence. 
The retroviral plasmid lL-2-lRES-eGFP (see, e.g., Liu et 

al., J. Immunol. 167: 6356-6365 (2001), Where eGFP 
replaces YEP) Was used to prepare the retroviral backbone 
(SB) by digestion With Bam HI, folloWed by blunt-ending 
With KlenoW fragment and digestion With Not I. The lL-2 
cDNA insert vias also prepared from lL-2-lRES-eGFP by 
digestion With Sal I, folloWed by blunt-ending With KlenoW 
fragment and digestion With Not I. The resultant insert Was 
directionally cloned into SB. The resultant SBlL-2 vector 
did not contain any other genes as con?rmed by nucleotide 
sequencing analyses. The construct Was then pseudotyped in 
the packaging cell line PG13, Which provided Gibbon Ape 
Leukemia Virus (GALV) envelope protein. A stable 
PG13SBlL-2 producer clone Was established and genomic 
analysis revealed that this producer clone contained three 
copies of the integrated retroviral lL-2 DNA. The vector 
supernatant produced by this producer clone Was shoWn to 
be biologically active in transducing a human, non-lL-2 
producing, melanoma cell line to produce lL-2 as detected 
by ELISA. 

Example 2 

This example describes the generation of gp100-speci?c, 
melanoma-reactive, clonal lymphocytes retrovirally trans 
duced With an exogenous lL-2 gene. 

Generation of Bulk Cultures: 
Complete medium (CM) consists of RPMI 1640 With 25 

mM HEPES, pH 7.0, 1 mM Glutamine, 50 U/ml penicillin, 
50 micrograms/ml streptomycin, 2><10_5 M 2-mercaptoet 
hanol, and 10% human AB serum. 
PBMCs from patients are obtained 34 Weeks after 209 

2M immunization by leukopheresis. PBMCs are enriched by 
centrifugation on lymphocytes medium (LSM), Washed tWo 
times With HBSS and cryopreserved at 1><108 cells/vial in 
one ml of human serum (BioWhittaker) With 10% dimethyl 
sulfoxide (DMSO). PBMCs from normal donors are pre 
pared in a similar fashion. 
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6 
On day 0, one vial of PBMCs is thaWed by Warming 

rapidly to 37° C. Cells are transferred directly into CM. 
PBMCs are Washed tWice With CM, and an aliquot is 
counted. PBMCs (1.5><106/ml) are plated in each of 4 Wells 
of a 24-Well tissue culture plate in 2 ml of CM. 209-2M 
peptide is diluted 1:1,000 from stock to a ?nal concentration 
of 1.0 ug/ml (approximately 1.0 micromolar). Plates are 
incubated at 37° C. in 5% CO2. 
On day 1, IL-2 is added to each Well to 50 CU/ml ?nal 

concentration. 
On day 4, 1 ml of supernatant is replaced With 1 ml of CM 

plus 300 IU/ml lL-2. If cell density increases above 2><106 
cells/ml, cells are split to half of the density and each neW 
Well is fed With 1 ml of CM plus 50 CU/ml lL-2. 

Transduction With SBlL-2 Retroviral Supernatant: 
On day 6, 2><106 cells from each Well are transduced With 

8 mls of SBlL-2 retroviral supernatant in Retronectin-coated 
Wells of a 6-Well tissue culture plate. Retronectin is coated 
as folloWs: 2 mls of 1><PBS containing 50 ug/ml Retronectin 
is placed in each Well of the 6-Well plate at 4° C. overnight 
or at room temperature for 2 hours. Wells are blocked With 
2 mls of 1% BSA in 1><PBS at room temperature for 30 
minutes and Washed once With 2 mls of 1><PBS containing 
2.5% HEPES, pH 7.0 (v/v). PBMCs/TlLs (2x106) cell pellet 
is resuspended With 8 mls of the SBlL-2 retroviral super 
natant, and this cell-virus mixture is applied to the Retronec 
tin-coated plate. Cells are exposed to retroviral vector at 37° 
C. for 6 hours, harvested by centrifugation at 1,000><g for 10 
minutes at 4° C., and resuspended again in 8 mls of fresh 
retroviral supernatant and left in the original Retronectin 
coated Wells overnight at 37° C. The same transduction 
procedure is repeated tWice on day 7 (total of 4 retroviral 
exposures in 2 consecutive days). At the end of transduction, 
cells are Washed With CM and resuspended in a cell density 
of 0.5><10°/ml in CM supplemented With 50 CU/ml lL-2. 
On day 9, an aliquot of cells is removed from each bulk 

transduced culture Well and assayed for activity. Brie?y, 
1><10 PBMCs are plated per Well of a ?at-bottom 96-Well 
tissue culture plate With 1><105 target cells. Typically, six 
different target cells are tested: T2 cells pulsed With 1.0 uM 
G280, T2 pulsed With 1.0 uM G209, tWo HLA-mismatched 
melanoma cell lines, and tWo HLA-A2-matched melanoma 
cell lines. After 24 hours of incubation, supernatants are 
harvested and lFN-y is quanti?ed by ELISA capture assay. 
The Well (or Wells), Which exhibits the most peptide speci 
?city and anti-tumor activity, is selected for cloning. 

Cloning from Bulk Cultures: 
Active bulk cultures are cloned by limiting dilution in 

96-Well U-bottom plates. Brie?y, allogeneic PBMCs are 
prepared. PBMCs are obtained by thaWing froZen leuko 
pheresis vials from normal donors as described above. 
PBMCs are thaWed directly into CM, Washed tWice, resus 
pended in CM, and then irradiated (34 Gy, Nordion gam 
macell 1000 Cs137 irradiator). Enough cloning reagents for 
25 plates are mixed together: 500 ml of CM, 1.25><108 
PBMCs, 30 ng/ml OKT3, and 50 CU/ml lL-2. Responder 
CTL for cloning are prepared by removing an aliquot of 
PBMCs from the most active bulk culture Well, counting the 
cell number, Washing the cells in CM, and resuspending. To 
100 ml of the cloning reagent mixture are added 1,000 viable 
responder cells from bulk culture. These are mixed Well and 
plated in 5 U-bottom plates (2 viable cells/Well) using a 
repeating multichannel pipette. To the remaining 400 ml of 
cloning reagent mixture are added 1,200 viable cells. These 
are mixed Well and plated in 20 U-bottom plates (0.6 viable 
cells/Well) using a repeating multichannel pipette. 
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The ?nal components are listed below: 

Component per Well 

Viable cells 0.6 or 2.0 
Allogeneic PBMCs 5 x 104 
OKT3 30 ngrnl 
IL-2 50 CU/rnl 
CM 200 pl 

Seven days after plating, 10 CU/Well (50 CU/ml) of IL-2 
are added to each Well. 

Fourteen days after plating, Wells are screened visually for 
clonal growth. GroWth-positive Wells are resuspended by 
pipetting, and the entire contents of each Well is re-plated in 
a Well of a ?at-bottom 96-Well plate. 

Aliquots of all groWth-positive Wells are tested by coc 
ulture assay for speci?city and activity. Aliquots (40 pl) of 
cells from each Well are replated in duplicate Wells of a 
96-Well ?at-bottom plate. Target cells (1x105) are added to 
each Well. Typically, one Well receives T2 pulsed With G209 
and the other Well receives. T2 pulsed With G280. Alter 
nately, one Well receives an HLA-A2 matched tumor and the 
other Well receives an HLA mismatched tumor. Cells are 
Washed by spinning the plates, ?icking the contents out of 
the Wells, and applying 150 pl of fresh media to each Well. 
After a 24 hr coincubation period, the supernatants are 
harvested and IFN-ysecretion is quanti?ed by ELISA. Wells 
With the highest antigen-speci?c IFN-y secretion are iden 
ti?ed for further analyses of transduced IL-2 gene by PCR. 

Identi?cation of Clones Containing Transduced UL-2 gene: 
On day 15 after plating, 1><104 cells from each of clones 

With highest antigen-speci?c IFN-y secretion are subjected 
to direct DNA PCR analyses With a primer pair of T3 and 
IL-2 primer 2. T3 primer is speci?c for retroviral sequences 
and L-2 primer 2 contains the sequence of the 3' end of the 
IL-2 gene. Only transduced IL-2 gene Will be ampli?ed. 
Clones that are positive for the transduced EL-2 gene Will be 
chosen for further expansion by REP. 

“REP” Expansion of CTL Clones to Therapeutic Numbers: 
Each IL-2 transduced tumor-reactive clone is expanded 

using a single Rapid Expansion Protocol (REP) (Ridell et 
al., J. Immunol. Methods 128:189 (1990)), then re-tested for 
activity and speci?city. In the ?rst REP, each clonal Well is 
assumed to have approximately 1><105 cells and all cells are 
used. 

Components for the REP mix: 

Component 25 cm2 ?ask 150 cm2 ?ask 

viable CTL 1 X 105 1 X 106 
Allogeneic PBMCs 2.5 X 107 2 X 108 
OKT3 30 ngml 30 ngml 
CM 25 ml 75 ml 
AIM v 75 ml 

On day 0 PBMCs are thaWed, Washed tWice, resuspended 
in CM and irradiated (34 Gy) as described above. PBMC 
and OKT3 are added to CM, mixed Well, and aliquots are 
transferred to tissue culture ?asks. Viable cells are added 
last. Flasks are incubated upright at 37° C. in 5% CO2. 

On day 2 IL-2 is added to 50 CU/ml. 
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8 
On day 5, 20 ml (130 ml for a 175 cm2 ?ask) of culture 

supernatant are removed by aspiration (cells are retained on 
the bottom of the ?ask). Media are replaced With CM 
containing 50 CU/ml IL-2. 
On day 8 an aliquot of cells is removed for counting and 

re-assay. Cells are assayed for peptide speci?city and tumor 
recognition by coincubation assay and ELISA. If cell den 
sity is greater than 1><106/ml, cells are split into additional 
?asks or transferred to Baxter 3 liter culture bags. IL-2 is 
added to 50 CU/ml. FungiZone is added to 1.25 mcg/ml and 
1 ml/l Cipro is added. 
On day 9, the most active clones are tested for their 

viability after IL-2 WithdraWal. Cells (2x105) from each 
clone are Washed With CM tWice, resuspended in 200 pl CM 
and plated in Wells of 96-Well ?at-bottom plate. On day 13, 
cells are assayed for their viability using [3-(4-5-dimeth 
ylthiaZol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophe 
nyl)-2H-tetraZolium, inner salt] (MTS) assay. The clones 
With the highest viability are chosen for therapeutic infusion. 
On day 11, IL-2 is added to REP ?asks at 50 CU/ml. Cells 

are split if density exceeds 1.5><106 cells/ml. 
The most active IL-2 transduced clones are expanded 

further to therapeutic numbers With additional REP cycles. 
In these subsequent REP cycles, CTL are counted and the 
speci?ed number is used (above Table). In the REP cycle 
immediately preceding infusion, FungiZone and Cipro are 
added on day 8, and AIM V media is used. 

Preparation of the Final Product: 
On day 14-20 the ?nal product is prepared for patient 

infusion. The contents (cells and media) of ?asks are trans 
ferred to 250 ml centrifuge tubes, While cells in Baxter 
culture bags are usually harvested using a Baxter/FenWal 
continuous centrifuge cell harvester system. Aliquots Will be 
taken from representative bags and pooled for a gram test. 
Cells Will be spun to pellet (1,000 rpm, 15 min, R/T) and 
combined in a single tube, then Washed by resuspension in 
0.9% sodium chloride folloWed by centrifugation, and 
?nally resuspended in 45-150 ml of 0.9% sodium chloride. 
Human albumin (25%) is added to a ?nal concentration of 
2.5%. Aliquots are removed for cell count and viability 
testing by trypan blue exclusion, and for quality control 
testing. The ?nal product is then infused intravenously as 
soon as possible. 

Example 3 

This example describes the generation of melanoma 
reactive, IL-2-transduced TILs. 

Multiple TILs cultures derived from tumor fragments 
and/or digests are set up according to the procedures 
described in Example 2. TILs are transduced With SBIL-2 
retroviral vector With or Without REP, depending on their 
groWth rates. A rapidly groWing TILs culture is transduced 
Without REP, Whereas a sloWly groWing TILs culture needs 
a “transduction REP” to stimulate TILs for transduction. All 
SBIL-2-transduced TILs Will undergo a REP to be expanded 
to the therapeutic number (treatment REP) before they are 
infused to autologous patients. 

Transduction of a Rapidly GroWing TIL Culture With 
SBIL-2 Retroviral Vector: 

All transductions are performed in the Wells of 24-Well 
plates. Wells are pre-coated With Retronectin folloWed by 
SBIL-2 retroviral vector. Retronectin is coated as folloWs: 2 
mls of 1><PBS containing 50 pg/ml retronectin are placed in 
each Well of a 24-Well plate at 40 C. overnight or at room 
temperature for 2 hours. Wells are blocked With 2 mls of 1% 
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human albumin in 1><PBS at room temperature for 30 
minutes, and Washed once With 2 mls of 1><PBS containing 
2.5% HEPES, pH 7.0 (v/v). SBIL-2 retroviral supernatant (2 
ml) Will be applied to each Retronectin-coated Well and 
incubated at 32° C. for 2 hours followed by 4-16 hours at 4° 
C. Retroviral supernatant Will be removed and 0.5 to 1><106 
TILs in CM supplemented With 1,000 CU/ml IL-2 Will be 
applied onto Retronectin and retroviral vector-coated Wells. 
The culture is incubated at 37° C., 5% CO2 in an incubator 
overnight. This procedure is repeated daily for four days by 
transferring the TILs from previous transduction Wells to 
Wells freshly coated With SBIL-2 retroviral vector. At the 
end of transduction, cells are Washed and maintained in CM 
supplemented With 1,000 CU/ml IL-2. 

Transduction of SloWly GroWing TILs Cultures With SBIL-2 
Retroviral Vector (Transduction REP): 

Rapid Expansion Protocol (REP): 
TILs are expanded in the presence of OKT3 and allogenic 

feeder PBMCs using an REP as approved by the FDA for use 
at the Fred Hutchinson Cancer Center (their protocol # 
107.00) and at the NCI in protocols 98-C-95 and 99-C-158. 
In this REP protocol, TILs are stimulated With OKT3 
(ORTHOCLONE OKT3®, obtained from commercial 
sources), irradiated allogeneic feeder cells and IL-2. All 
components are mixed together in a tissue culture ?ask, then 
TILs are added. 

Component 25 cm2 ?ask 175 cm2 ?ask 

Viable TILs 1 x 105 1 x 10° 
allogeneic PBMCs 2.5 X 107 2 X 108 
OKT3 30 ngml 30 ngml 
CM 25 ml 75 ml 
AIM V 75 ml 

Allogeneic PBMCs are from froZen vials obtained from 
harvested PBMCs. On day 0, PBMCs are thaWed, Washed 
and resuspended in CM, and irradiated. Irradiation of allo 
geneic cells is performed in an MS Nordion Gammacell 
1000, Model 38.3 irradiator, using 5000 rads from a Cs137 
source. Testing includes a control culture ?ask containing 
only irradiated cells, to verify that they have not proliferated. 
On day 2 IL-2 is added to 1,000 CU/ml. 
On day 5, 20 ml (130 ml for a 175 cm2 ?ask) of culture 

supernatant are removed by aspiration (cells are retained on 
the bottom of the ?ask). Media are replaced With CM (50% 
CM/50% AIM V for a 175 cm2 ?ask) containing 1,000 
CU/ml IL-2. 

Transduction of TIL cells With SBIL-2: 
On day 7 after the onset of a REP for TILs, the transduc 

tion of replicates of 1><106 cells are performed in the Wells 
of 6-Well plates. Wells are precoated With Retronectin fol 
loWed by SBIL-2 retroviral vector. Retronectin is coated as 
folloWs: 2 mls of 1><PBS containing 50 ug/ml Retronectin is 
placed in each Well of a 6-Well plate at 4° C. overnight or at 
room temperature for 2 hours. Wells are blocked With 2 mls 
of 1% human albumin in 1><PBS at room temperature for 30 
minutes and Washed once With 2 mls of 1><PBS containing 
2.5% HEPES, pH 7.0 (v/v). SBIL-2 retroviral supernatant (8 
ml) is applied to each Retronectin-coated Well and incubated 
at 32° C. for 2 hours folloWed by 4-24 hours at 4 (C. 
Retroviral supernatant is removed and 1><106 TIL cells in 
CM-supplemented With 1,000 CU/ml IL-2 are applied onto 
Retronectin and retroviral vector-coated Wells. The culture is 
incubated at 37° C., 5% CO2 overnight. This procedure is 
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10 
repeated on day 8 by transferring the TILs culture from 
previous transduction Wells to the Wells freshly coated With 
SBIL-2 retroviral vector. On day 9, cells are Washed and 
maintained in CM supplemented With IL-2 in a neW tissue 
culture ?ask. If the cell density increases above 2><106 
cells/ml, cells are split to half of the density and fed Within 
an equal volume of CM plus 1,000 CU/ml IL-2. 

Gibbon Ape Leukemia Virus (GALV) Envelope Gene-PCR 
and S+/L_ Assays for Replication-Competent Retrovirus 
(RCR): 

SBIL-2-transduced TILs are sent to National Gene Vector 
Laboratory NGVL) for GALV envelope gene-PCR and S+/ L 
assays to test replication-competent retrovirus (RCR) 
according to their published methods (Chen et al., Human 
Gene Therapy 12: 61-70 (2001)). If PCR results are positive 
and the patient has not been started on chemotherapy, that 
patient is not treated. In case of a positive RCR PCR for 
SBIL-2-transduced TIL cells from a patient, Who has already 
received chemotherapy, SBIL-2-transduced TIL cells are not 
administered. Instead, peripheral blood stem cells collected 
from the aphereses after G-CSF mobilization prior to the 
chemotherapy are infused. 

Anti-melanoma Activity Assay for the SBIL-2-Transduced 
and Untransduced TIL Cells: 

Brie?y, 1><105 effector cells per Well of a ?at-bottom 
96-Well tissue culture plate are coincubated With 1><105 
target cells. Typically, 6 to 8 different target cells are tested, 
including T2 cells pulsed With 1.0 ug/ml gp100:280-288 or 
gp100:209-217 peptide or MART 1:27-35 peptide, tWo 
HLA-mismatched melanoma cell lines and tWo HLA-A2 
matched melanoma cell lines, and patients’ autologous 
tumor cell lines or froZen tumor cells. After 24 hours of 
incubation, supematants are harvested and IFN-y is quanti 
?ed by ELISA capture assay. The transduced bulk TILs 
cultures, Which release 200 pg/ml IFN-y against the autolo 
gous tumor or froZen tumor cells, are further expanded. 

Detection of the Tranduced SBIL-2 Gene and its Transcript: 
Genomic DNA PCR is used to detect the transduced 

genetic material. A cell pellet of 105 cells (100,000) is 
resuspended in 1,000 [1.1 of QuickExtractTMDNA extraction 
solution 1.0. Ten microliters of this solution containing 
1,000-cell-equivalent DNA are subjected to PCR reaction 
containing IL-2 Primer 1 (5'GGAGGCCTGGATCCATG 
TACAGGATGCAACTCCT 3' [SEQ ID NO: 1]) and Primer 
17 (5'CTTCTTGGGCATGTAAAACT 3' [SEQ ID NO: 2]). 
The PCR products are fractionated on a 2% agarose gel. The 
presence of a 221-bp fragment, not present in untransduced 
cells, is de?ned as positive. 
The transduced IL-2 gene expression is evaluated by 

RT-PCR. Transduced cells (1><10°) are used for RNA extrac 
tion using STRATAGENE Absolutely RNATM RT-PCR 
Miniprep Kit. The total RNA is subjected to ?rs-strand 
cDNA synthesis by Amersham Pharmacia Biotech Kit. The 
?rst-strand cDNA is subjected to PCR reaction containing 
Primer 16 (5'GTCAGCGGGGGGTCTTTCATT3' [SEQ ID 
NO: 3]) and Primer 2 (5'GGGTCGACGGATCCTCAAGT 
TAGGTTGAGATGA3' [SEQ ID NO: 4]). The PCR prod 
ucts are fractionated on a 1% agarose gel. The presence of 
an 885-bp fragment, not present in untransduced cells, is 
de?ned as positive for SBIL-2 vector-derived IL-2 mRNA 
transcript. 
“REP” Expansion of SBIL-2 Transduced TILs to Therapeu 
tic Numbers: 

SBIL-2-transduced TILs are expanded using a single 
REP, then re-tested for activity and speci?city according to 
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the protocol as described above. Eight days prior to cell 
harvest and re-infusion, an aliquot of cells is removed for 
counting and re-assay. Cells are assayed for peptide speci 
?city and tumor recognition by co-incubation assay and 
ELISA as described above. If cell density is greater than 
1><106/ml, cells are split into additional ?asks or transferred 
to Baxter 3 liter culture bags. IL-2 is added to 1,000 CU/ml. 
FungiZone is added to 1.25 mcg/ml and Cipro is added to 
5-10 mcg/ml. On day 11, IL-2 is added to REP ?asks at 
1,000 CU/ml. Cell cultures are split as needed. 
On day 14, cells are harvested and either prepared for 

additional REP cycles or cryopreserved. If cells have groWn 
to su?icient numbers for patient treatment, a sample is 
collected from each ?ask for microbiology tests 2-3 days 
before the beginning of TIL therapy (the test takes 2 days). 
IL-2 is added to 1,000 CU/ml on day 14 and every 3 days 
until the ?nal product is prepared for infusion. 

Preparation and Testing of the Final Product: 
On day 12-20 the ?nal product is prepared for patient 

infusion. The contents (cells and media) of ?asks are trans 
ferred to 250 ml centrifuge tubes, While cells in Baxter 
culture bags are usually harvested using a Baxter/FenWal 
continuous centrifuge cell harvester system. Aliquots are 
taken from representative bags and pooled for a gram test. 
Cells are spun to pellet (1,000 rpm, 15 min, RJT) and 
combined in a single tube, then Washed by resuspension in 
0.9% sodium chloride, folloWed by centrifugation, and 
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?nally resuspended in 45-400 ml of 0.9% sodium chloride. 
Human albumin (25%) is added to a ?nal concentration of 
2.5%. Aliquots are removed for cell count and viability 
testing by trypan blue exclusion, and for quality control 
testing. The ?nal product is infused intravenously as soon as 
possible. 

All references; including publications, patent applica 
tions, and patents, cited herein are hereby incorporated by 
reference to the same extent as if each reference Were 

individually and speci?cally indicated to be incorporated by 
reference aid Were set forth in its entirety herein. 

Preferred embodiments of this invention are described 
herein, including the best mode knoWn to the inventors for 
carrying out the invention. Variations of those preferred 
embodiments may become apparent to those of ordinary 
skill in the art upon reading the foregoing description. The 
inventors expect skilled artisans to employ such variations 
as appropriate, aid the inventors intend for the invention to 
be practiced otherWise than as speci?cally described herein. 
Accordingly, this invention includes all modi?cations and 
equivalents of the subject matter recited in the claims 
appended hereto as permitted by applicable laW. Moreover, 
any combination of the above-described elements in all 
possible variations thereof is encompassed by the invention 
unless otherWise indicated herein or otherWise clearly con 
tradicted by context. 

SEQUENCE LISTING 

SEQ ID NO 1 
LENGTH: 34 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic 

<400> SEQUENCE: l 

ggaggcctgg atccatgtac aggatgcaac tcct 

SEQ ID NO 2 
LENGTH: 20 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 2 

cttcttgggc atgtaaaact 

SEQ ID NO 3 
LENGTH: 20 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 3 

gtcagcgggg gtctttcatt 

<2lO> SEQ ID NO 4 
<2ll> LENGTH: 34 

<2l2> TYPE: DNA 

34 
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—continued 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 4 

gggtcgacgg atcctcaagt tagtgttgag atga 

SEQ ID NO 5 
LENGTH: 9 

TYPE: PRT 

ORGANISM: Artificial 
FEATURE: 

OTHER INFORMATION: Synthetic 

<400> SEQUENCE: 5 

Ile Met Asp Gln Val Pro Phe Ser Val 
l 5 

34 

What is claimed is: 
1. A method of preparing autologous T-lymphocytes for 

re-introduction into a patient having cancer, Which method 
comprises: 

(i) obtaining peripheral blood mononuclear cells (PB 
MCs) from a patient immunized With an antigen of the 
cancer, 

(ii) stimulating the PBMCs With the antigen of the cancer 
in vitro, and 

(iii) transducing the PBMCs With a retroviral vector, 
Which (a) comprises and expresses a human interleu 
kin-2 (IL-2) coding sequence operably linked to a 
retroviral promoter, (b) does not comprise an exog 
enously introduced gene that enables phenotypic selec 
tion, and (c) comprises a viral envelope that ef?ciently 
transduces CD8+ T-lymphocytes, 

Whereupon autologous T-lymphocytes are prepared for 
re-introduction into a patient having cancer. 

2. The method of claim 1, Wherein the cancer is mela 
noma. 

3. The method of claim 2, Wherein the antigen of the 
cancer is gplOO. 

4. The method of claim 3, Wherein the antigen is the 
209-2M peptide (SEQ ID NO: 5). 
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5. The method of claim 1, Wherein the cancer is breast 
cancer. 

6. The method of claim 5, Wherein the antigen of the 
cancer is Her-Z/Neu. 

7. The method of claim 1, Wherein the cancer is prostate 
cancer. 

8. The method of claim 7, Wherein the antigen of the 
cancer is prostate-speci?c antigen (PSA). 

9. The method of claim 1, Wherein the cancer is colon 
cancer. 

10. The method of claim 9, Wherein the antigen of the 
cancer is carcinoembryonic antigen (CEA). 

11. The method of claim 1, Wherein the viral envelope 
protein is Gibbon ape leukemia virus envelope (GALV). 

12. The method of claim 1, Wherein the retroviral vector 
further comprises and expresses a human lL-2 receptor 
ot-chain coding sequence. 

13. The method of claim 1, Wherein the method further 
comprises introducing into the PBMCs a vector comprising 
and expressing a human lL-2 receptor ot-chain coding 
sequence operably linked to a promoter. 


